Aim: To assess the outcome (postoperative morbidity and mortality and/or development of incisional hernia) of patients with burst abdomen (BA) of midline laparotomy without intestinal fistula comparing early closure of the abdominal wall with a running suture alone vs. running suture plus reinforcement with a non-absorbable synthetic mesh. Methods: Retrospective analysis of the medical records of all patients undergoing surgical repair of a BA in three hospitals between 2006 and 2011. Risk factors, postoperative complications and the incidence of incisional hernia (IH) after a minimum of 12-month follow-up period were compared between groups. Results: A total of 109 patients were treated for BA, 18 patients treated by non-standard procedures were excluded from analysis. Of the remaining 91 patients, 56 belong to the mesh group and 35 to the suture group. The overall rate of postoperative complications was high in both groups (79.1%). Mortality rate was higher in the suture group than in the mesh group (31.4% vs. 14.3%; P = 0.06). IH was also more frequent in the suture group (36.4% vs. 17.6%; P = 0.057). Conclusions: Patients with BA and without intestinal fistula could be candidates for surgical repair using a running suture and a non-absorbable polypropylene mesh in the "onlay" position.
Introduction
Burst abdomen (BA) is a well known postoperative complication appearing either immediately or during the first hours or days after a laparotomy [1] . The incidence has been reported between 0.5% and 3% of all laparotomies [2] [3] . The mortality is high (34% -44%) [4] - [6] often secondary to early postoperative complications or late complications related to the development of an incisional hernia (IH) in 40% -60% of cases [7] [8] . Two types of BA has been described: 1) complete, in which all layers of the abdominal wall including the skin are involved and 2) incomplete, when the skin remains mostly intact and holds the typical clinical feature of a drainage of serous-bloody secretion [1] [3] [9] .
The treatment is based on closing the abdominal wall again [1] [3] . Closing the abdominal wall can be hindered by intestinal edema and/or rigidity of the abdominal wall, intra-abdominal infections and/or the presence of an intestinal fistula [3] [6] [9]- [12] . In this previous context [13] , patients can be candidates for 1) delayed closure of the abdominal wall (i.e., "planned incisional hernia"), 2) progressive closure (i.e., dynamic wound closure systems or 3) early closure with or without mesh reinforcement. Different reviews on this topic can be found in literature [1] - [3] [9] [10] . However, there is a lack of data regarding the usefulness of everlasting materials for early closure of a BA [13] [14] .
The aim of this retrospective cohort study was to assess the outcome of patients with BA and without intestinal fistula undergoing early closure of the abdominal wall by means of a running suture or by running suture plus insertion of a non-absorbable synthetic mesh. It was hypothesized that the use of a mesh might be beneficial in terms of postoperative morbidity and mortality and/or development of an IH.
Patients and Methods
A retrospective cohort observational multicentre study was designed between January 2006 and January 2011. All consecutive patients with BA undergoing early repair were included and divided into two groups: suture group (repair by running suture of the abdominal wall [standard of treatment]) and mesh group (running suture plus placement of a synthetic non-absorbable mesh). The main criterion for the choice of the closure method was the preference of the surgeon. All surgeons who did the closure of the abdominal wall were skilled surgeons. Three University hospitals participated in the study, which was approved by the Ethics Committee of each centre. Data were collected from the electronic medical records. All medical records in which "BA" was codified were retrieved.
Inclusion criteria were patients with BA after a midline laparotomy of both sexes, older than 18 years, without an associated intestinal fistula and with early repair of the abdominal wall. Exclusion criteria were patients without surgical treatment, open abdomen or when a progressive closure was needed.
The abdominal wall of all patients was closed using a running suture of a slow absorbable monofilament material (polydioxanone).
Additionally all patients in the mesh group had a running suture plus a prosthetic mesh inserted in the "onlay" position. A 5 cm supra-aponeurotic dissection was performed at both edges and the mesh was fixed with continuous polypropylene sutures. Polypropylene meshes adjusted to the size of the laparotomy were always used. Skin closure was possible in all patients and one or two suction drainages were left at the surgeon criteria.
For each patient the following data were recorded: demographics, underlying conditions potentially associated with an increased risk of BA such as chronic obstructive pulmonary disease (COPD), malnutrition (serum albumin level < 3 g/dL), diabetes mellitus, anemia (serum hemoglobin concentration < 13 g/dL in men and <12 g/dL in women), active malignancy and sepsis [15] , initial surgical procedure (elective or urgent) and type of repair (running suture or running suture associated with insertion of a non-absorbable onlay synthetic mesh). Postoperative complications including mortality within the first 30 postoperative days were evaluated using the Clavien-Dindo classification [16] . Wound infection was defined as the infection of the surgical site that appeared during the first 30 postoperative days. In addition chronic infection was defined as persistence of infection beyond 30 days after surgery. Wound infection (deep or superficial) was defined according to criteria of the Centers for Disease Control [17] .
Presence of an IH was compared between groups in patients followed more than 12 months after surgery. The diagnosis of IH was done when IH repair was required or when an IH was observed at follow-up by imaging studies (abdominal ultrasound or computed tomography [CT] scan) and/or clinical examination.
Statistical Analysis
The statistical analysis was performed with the statistical package SPSS 20.0 (IBM Inc. Rochester, MN. USA). Quantitative variables are expressed as mean and standard deviation (SD) and the categorical variables as frequencies and percentages. Qualitative variables in the groups of simple suture and mesh repair were compared with the chi-square test (χ 2 ) or the Fisher's exact test when needed, and continuous variables with the Student's t test for unpaired data or the Mann-Whitney U test when necessary. The normal distribution of variables was assessed with the Kolmogorov-Smirnov test. Statistical significance was set at P < 0.05.
Results
During the study period 109 patients were eligible and 18 (16.5%) were excluded for the following reasons: not treated surgically (8 patients), presence of an open abdomen (6 patients) and incorrect codification of the medical records (4 patients) leaving 91 patients for analysis (Figure 1) .
There were 56 patients in the mesh group and 35 in the suture group. Baseline characteristics of patients in both groups are shown in Table 1 . The distribution of patients by age and gender was similar. Differences in the type of previous surgery (elective vs. urgent) mean time to diagnosis of BA and underlying risk factors were not observed except for a significant higher percentage of patients with serum albumin levels < 3 g/dL in the running suture group (P = 0.01).
The 30-day mortality rate was higher in the suture group than in the mesh group (31.4% vs. 14.3%) although differences were not statistically significant (P = 0.06).
Morbidity was similar between groups. The overall rate of postoperative complications was high (79.1%) without differences between the two study groups. Complications according to the Clavien-Dindo classification were similar. No cases of re-evisceration were observed ( Table 2) .
There were not significant differences between groups in the superficial surgical site infection rate ( Table 2 ) and all of them were successfully treated by debridement. Only one patient presented a deep surgical site infection. A total of 56 patients (34 in the mesh group and 22 in the suture group) were followed for more than 12 months postoperatively. IH was developed in 14 (25%) patients and the percentage between groups was 36.4% for the suture group vs. 17.6% for the mesh group (p = 0.057). In one patient in whom, a mesh was inserted to treat a BA after a colectomy the mesh had to be explanted due to chronic infection.
Discussion
BA usually appears in various clinical scenarios precluding an homogeneous treatment [12] . The most common situation is a patient with a postoperative BA appearing during the first 2 weeks after a laparotomy without an associated intestinal fistula [13] [14] . There is no clear evidence regarding the type of treatment that should be systematically used in these cases nor which therapeutic option provides better results. In this scenario, several alternatives have been suggested [13] [14] : Non-surgical treatment and delayed repair of a "planned incisional hernia", closure of the abdominal wall with or without associated retention sutures and/or the insertion of a prosthetic mesh.
The high rate of complications and mortality of BA are well known [3] [8] [14] and have been confirmed in our study. A specific complication associated to all types of treatment options is the high rate of IH in the follow-up [14] [18], which is also seen in our series. The use of a synthetic mesh may prevent IH but their use in a setting of contamination or potentially contaminated surgical fields can lead to specific complications such as mesh infection or erosion. However, data from several retrospective studies support the safety of prosthetic mesh insertion in these surgical environments at risk of infection [19] - [21] . In our study, only one mesh required extraction due to chronic infection the rest of patients with surgical site infection were successfully treated without mesh removal.
Our results suggest that the use of a synthetic polypropylene mesh in a "onlay" position for the treatment of BA is safe and provides better results than running suture only in terms of early mortality and development of an IH at follow-up. Although the high differences in the incidence of IH does not reach statistical significance, they show a positive trend to the group of mesh and probably with a large sample size this trend will be confirmed.
The findings in the current study should be interpreted taking into account several limitations: retrospective design, the small sample size, other non-absorbable synthetic meshes which are not assessed, the malnutrition (as confounding factor) in suture repair group which is significantly higher than in mesh group and the length of follow-up.
The management of BA with abdominal wall closure and mesh reinforcement is an unexplored area within the field of abdominal wall surgery and studies are needed (retrospective series, prospective series, randomized trials) to provide information at all levels of evidence and negate or balance all confounding factors. This retrospective series suggest that in patients with postoperative BA without intestinal fistula the reinforcement of a running suture with a polypropylene mesh in an "onlay" position can be more effective than a running suture alone.
